The phenomenon of cathodoluminescence ͑CL͒ is related to the emission of light in response to the excitation of matter with accelerated electrons. As an electron-beam excitation may produce orders-of-magnitude greater carrier generation rates than optical excitation, it is especially advantageous in studies of wide bandgap materials. Moreover, the CL properties of materials are critical for field-emission displays ͑FEDs͒, which are promising emissive displays realizing high resolution and low consumption of electric power.
The phenomenon of cathodoluminescence ͑CL͒ is related to the emission of light in response to the excitation of matter with accelerated electrons. As an electron-beam excitation may produce orders-of-magnitude greater carrier generation rates than optical excitation, it is especially advantageous in studies of wide bandgap materials. Moreover, the CL properties of materials are critical for field-emission displays ͑FEDs͒, which are promising emissive displays realizing high resolution and low consumption of electric power. Much work has been done to explore low-voltage cathodoluminescent phosphors for FED application. [3] [4] [5] Fluorides are advantageous as luminescent host materials owing to their wide bandgap, low vibrational energies, and the subsequent minimization of the quenching of the excited state of the rare-earth ions. 6 Rare-earth doped fluorides have extensively been studied in the applications of vacuum ultraviolet optics, upconverters, biological fluorescent labels, and so on. [7] [8] [9] However, a few papers has been reported on the CL of fluorides, limited to CeF 3 crystals, rare-earth-activated binary fluoride crystals and Zr-Ba-LaAl-Na fluoride glass. [10] [11] [12] In particular, the characteristic of low-voltage CL in fluorides is unknown. The LaF 3 compound has the photochemical stability and its phonon energy is as low as 350 cm −1 . In this letter, the low-voltage CL properties of LaF 3 16 The CL spectrum of the sample annealed at 600°C ͓solid line in Fig. 3͑a͔͒ is markedly strengthened compared with that of the as-prepared sample ͓dotted line in Fig. 3͑a͔͒ . At 4.0 kV and 91.6 A / cm 2 , the luminance values of the asprepared and annealed samples are 25 and 835 cd/ m 2 , respectively. The luminous efficiency is improved from 0.02 to 0.72 lm/W after annealing treatment, which is still poorer than 9.20 lm/W of commercial Y 2 O 2 S : Eu phosphor. Annealing treatment at high temperature makes the crystallite size increase and the number of atoms in the grain boundaries and on the surface decrease, leading to an increase in the number of radiative recombination sites and therefore a higher probability of radiative recombination. 19 and ͑d͒ 9.19 lm/W at 4 kV and 110 A / cm 2 for commercial product ZnS:Cu. Some works deserve to be done in order to improve the luminous efficiency of these fluoride phosphors, such as increasing crystallinity, controlling particle size, altering doping concentration, optimizing the synthesis procedure, etc. 20, 21 The CL intensity is dependent on measurement conditions such as current density and excitation voltage. The CL intensities of the LaF 3 :Eu 3+ particles ͑annealed at 600°C͒ increased linearly with the applied voltage from 1.5 to 3.5 kV at a current density of 12.3 A / cm 2 ͓Fig. 4͑a͔͒. According to an empirical formula, 22 the electron penetration depths of LaF 3 :Eu 3+ phosphors at the anode voltage of 1.5, 2.0, 2.5, 3.0, and 3.5 kV are estimated to be 6.1, 13.2, 24.2, 39.8, and 60.5 nm, respectively. Hence, the increase in intensity with increasing applied voltage is due to an increase in the number of excited luminescence centers resulting from an increase in electron penetration depth. The CL intensities also increase with the increasing current density from 9.9 to 26.9 A / cm 2 under fixed excitation voltage of 2.5 kV ͓Fig. 4͑b͔͒. This indicates that LaF 3 :Eu 3+ particles are resistant to the current saturation, which is of benefit to FEDs. 
